A Gram-reaction-negative, non-motile, yellow-pigmented, NaCl-requiring bacterial strain, designated LPB0003
The genus Polaribacter, proposed by Gosink et al. [1] to accommodate Gram-reaction-negative, aerobic, yellow-or orange-pigmented, psychrophilic and psychrotrophic bacteria, belongs to the family Flavobacteriaceae. All of the known species of the genus Polaribacter have been isolated from polar or marine environments, with sources that include a marine gastropod (Polaribacter atrinae [2] ), seawater (P. marinivivus [3] , P. irgensii [1] , P. filamentus [1] , P. butkevichii [4] , P. dokdonensis [5] , P. glomeratus [1] and P. gangjinensis [6] ), sea ice (P. franzmannii [1] ), algae (P. porphyrae [7] , P. reichenbachii [8] , P. undariae [9] ); Antarctic soil (P. sejongensis [10] ), and Arctic sediment (P. huanghezhanensis [11] ). Here, we report the results of a taxonomic study using a polyphasic approach on a novel marine bacterial isolate.
Strain LPB0003
T was isolated from a marine gastropod, the granulated dogwhelk (Thais luteostoma), caught off Yeongheung Island, Korea (37 15¢16.1 † N 126 29¢46.5 † E). Cultivable bacterial colonies were isolated using a standard dilution plating technique at 25 C on marine agar 2216 (MA; Difco). Strain LPB0003
T was purified by repeated subculture on MA and stored at -80 C in glycerol suspensions (20 % in distilled water, w/v). Three closely related type strains, namely P. reichenbachii KCTC 23969 T , P. atrinae KACC 17473
T and P. dokdonensis KCTC 12392 T , were selected as reference strains and evaluated in parallel with strain LPB0003
T .
The 16S rRNA gene was amplified using two primers (27F and 1492R) and then sequenced using four primers, 27F (5¢-AGAGTTTGATCMTGGCTCAG-3¢), 518F (5¢-CCAGC AGCCGCGGTAATACG-3¢), 907R (5¢-CCGTCAATTC MTTRAGTTT-3¢), and 1492R (5¢-TACGGYTACCTTG TTACGACTT-3¢). The sequence was identified preliminarily by searching for matches in the EzTaxon-e database [12] . The sequences of strain LPB0003 T (1438 bp) and other species of the genus Polaribacter were aligned using EzEditor [13] , and phylogenetic trees were inferred with MEGA6.0 software package [14] . A Bayesian tree was reconstructed in MrBayes 3.2 [15] , using the General Time Reversible model with gamma-distributed rate variation. Strain LPB0003 T showed the highest 16S rRNA gene sequence similarity to P. reichenbachii 6Alg 8 T (97.8 %), followed by P. dokdonensis DSW-5 T (97.7 %), P. atrinae WP25 T (97.4 %) and P. irgensii 23-P T (97.1 %). No other taxon showed more than 97 % 16S rRNA gene sequence similarity with the isolate. The observed sequence similarities were all below the threshold of 98.7 % for species demarcation [16] . This evolutionary distance between strain LPB0003
T and species of the genus Polaribacter was also evident in the phylogenetic tree ( Fig. 1) . Strain LPB0003
T did not form a monophyletic clade with any known species of the genus Polaribacter. Instead, it was recovered as a sister group of a monophyletic clade containing P. atrinae and seven other species of the genus Polaribacter. The tree branching topology indicated the phylogenetic distance between strain LPB0003
T and other species of the genus Polaribacter.
To calculate the genomic relatedness between strain LPB0003
T and other species of the genus Polaribacter showing greater than 97 % 16S rRNA gene sequence similarities, the whole genome sequences of strain LPB0003 T , P. reichenbachii KCTC 23969 T and P. atrinae KACC 17473 T were determined in this study. The genome sequences of the type strains of P. dokdonensis and P. irgensii were available in the GenBank database. The general genomic features of the determined sequences and reference sequences are summarized in Table 1 . The average nucleotide identities (ANI) between strain LPB0003
T and the four reference strains were 80.22 % (P. reichenbachii), 78.92 % (P. dokdonensis), 78.33 % (P. atrinae) and 74.99 % (P. irgensii). The mean identities were all less than the suggested boundary (95-96 %) for species delineation [17, 18] , demonstrating that strain LPB0003
T is a novel genomic species.
The chemotaxonomic, morphological, cultural, biochemical and physiological properties of strain LPB0003 T were examined following the minimal standards for describing new taxa in the family Flavobacteriaceae [19] . Details of the experimental procedure are described elsewhere [20] . The 
habitable range of temperature, NaCl concentration and pH were determined by culture on MA. The oxygen requirement for growth was tested using AnaeroPack-Anaero and AnaeroPack-MicroAero (Mitsubishi Gas Chemical). Cellular morphology was examined by transmission electron microscopy ( Fig. S1 , available in the online Supplementary Material). Colony size, colour and morphology were examined after growth on MA at 25 C for 2 days. Hydrolysis of high molecular weight compounds was tested in culture for one month using MA as the basal medium. Other enzymatic activities were determined using the API 20NE, API 20E and API ZYM kits (bioM erieux). The API kits were inoculated with a heavy bacterial suspension in 2.0 % NaCl, and data for strain LPB0003 T , P. reichenbachii KCTC 23969 T , P. atrinae KACC 17473 T and P. dokdonensis KCTC 12392
T were recorded up to two consecutive days at 25 C. For the analyses of fatty acids, polar lipids and isoprenoid quinones, strain LPB0003
T and the three reference strains, P. reichenbachii KCTC 23969 T , P. atrinae KACC 17473 T and P. dokdonensis KCTC 12392 T , were grown on MA for 2 days at 25 C. Extraction of fatty acid methyl esters and their separation by gas chromatography was performed using the Instant FAME method of Microbial Identification System (MIDI) version 6.1 and RTSBA6 6.10 database; results are shown in Table S1 . Polar lipids were analysed using TLC as described elsewhere [20] and the total polar lipid profile of strain LPB0003
T is given in Fig. S2 . Isoprenoid quinones were purified using TLC and analysed using HPLC as previously described [20] . The results of morphological, cultural, biochemical, physiological and chemotaxonomic tests are presented in the species description and in Table 2 .
The low 16S rRNA gene sequence similarity with other species of the genus Polaribacter (95.3-97.8 %) and independent phyletic grouping in phylogenetic trees implied that strain LPB0003
T represents a novel genomic species [21] . A number of phenotypic characteristics (Table 1) , namely the lack of microaerophilic growth, absence of flexirubin-type pigments and gliding motility, and differences in enzymatic reactions, as well as the fatty acid profile (Table S1) , clearly differentiated the isolate from other species of the genus Polaribacter with validly published names. The polyphasic data obtained in this study indicate, conclusively, that strain LPB0003 T merits novel species status within the genus Polaribacter. The name Polaribacter vadi sp. nov. is therefore proposed for this isolate.
DESCRIPTION OF POLARIBACTER VADI SP. NOV.
Polaribacter vadi (vadi. L. neut. gen. n. vadi of a shallow place in the sea).
Gram-reaction-negative, catalase-and oxidase-positive, and strictly aerobic. Cells are non-motile curved rods with rounded ends, approximately 0.3-0.5Â1.4-2.2 µm in size. Colonies are yellow, convex and circular, with entire margins on MA after 48 h at 25 C. Does not glide on an agar plate, does not produce flexirubin-type pigments or spores, does not grow under microaerophilic or anaerobic conditions. Grows at pH 4.5-9.5 (optimum pH 6.5), at 4-35 C (optimum 25 C), and in the presence of 0-10 % NaCl (optimum 2 %). Does not reduce nitrate to nitrite or nitrogen, does not produce acetoin, indole, or hydrogen sulfide, does not utilize citrate, and does not produce acids from T ; 4, P. atrinae KACC 17473 T . All data is from this study. All strains showed the following characteristics: catalase, oxidase, alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase and naphtol-AS-BI-phosphohydrolase activities; and decomposition of aesculin and Tweens 20, 40, 60 and 80. All strains were negative for the following characteristics: utilization of carbon sources in API 20NE kit; acid production from carbohydrates in API 20E kit; production of hydrogen sulfide and indole; reduction of nitrate to nitrite; decomposition of adenine, alginic acid, crystalline cellulose, gelatin and hypoxanthine; and urease, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, esterase (C4), lipase (C14), a-chymotrypsin, ß-glucuronidase, amannosidase and a-fucosidase activities. +, Positive; À, negative; W, weakly positive. Microaerophilic growth
Reduction of nitrate to nitrogen
Decomposition of: The type strain is LPB0003 T (=KACC 18704 T =JCM 31217 T ), isolated from a marine gastropod, the granulated dogwhelk (Thais luteostoma) caught off Yoengheung Island, Korea. The DNA G+C content of the type strain is 29.6 mol%.
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